The incorporation of ionophores selective for ammonium, potassium, sodium and calcium ions in an appropriate proportion into a plasticized poly(viny1 chloride) membrane provides a potentiometric membrane sensor with similar sensitivity to ammonium, alkali and alkaline earth metal ions. Such a sensor was employed in single-column ion chromatography using the wall-jet flow-cell arrangement, and was shown to exhibit similar detectability to that observed for conductivity detection.
Conductivity is certainly the most commonly used detection method in modem high-performance ion chromatography [ 1, 2] . A possible alternative in some applications is the use of inexpensive potentiometric devices. These can be applied by using two types of electrode [3] . The first type of electrodes are half-cells in which an element (usually a metallic one) is in equilibrium with its ions in solution. In the second type a metallic element and its insoluble salt are in * Corresponding author. equilibrium with the counter ion of the salt present in the solution. In addition, membrane electrodes employing various types of membranes are very often used. For example it has been shown that sensitive potentiometric pH detection in suppressed ion chromatography can in some cases give better detection limits than conductivity detection [4] . Replacement ion chromatography with in-line Donnan dialysis also allows the potentiometric detection of various ions with a similar sensitivity using selective membrane electrodes with particularly low detection limits for a given ion [5, 6] .
The direct application of common potentiometric membrane electrodes with plasticized polymer membranes containing selective complexing ionophores does not allow the detection of different ions with similar sensitivity [7, 8] .
One way of achieving similar detectability of different ions is to use a less selective ionophore in a plasticized membrane or to select a suitable plasticizer [3] . This work presents another approach to designing a potentiometric sensor for ion chromatography. A detector with similar sensitivity to several ions can be achieved by incorporating several selective ionophores in suitable proportions in a polymer membrane. The results of the optimization of such a membrane composition and the study of its selectivity in flow-injection measurements have been presented elsewhere [9] . Membrane electrodes containing three different ionophores in different ratios in a polymer membrane were also applied recently in arrays of ion-selective electrodes for the simultaneous determination of sodium, potassium and calcium in a flow-injection system [lo].
EXPERIMENTAL
Flow-injection measurements were performed using a system consisting of a Rabbit peristaltic The electrode equipped with a wall-jet cup [ll] was placed in a beaker, in which a constant level of effluent from the measuring system was maintained and its potential was measured versu.r a double junction reference electrode Model 13-620-47 from Fisher Scientific.
RESULTS AND DISCUSSION

Flow-injection potentiometric response of the multi-ionophore detector
Flow-injection measurement with a non-selective detector and without an on-line analyte separation step cannot be utilized for practical analytical purposes; however, it can be a very useful tool for estimating the usefulness of such a detector for chromatographic detection. In the flow-injection system employed in this study, 50 ~1 of sample solution were injected into a water carrier stream, which was then merged with a stream of 50 mM Tris-HCl buffer solution, pH 7.2, and through the 50-cm mixing coil to the flow-through detector.
In this work we used both electrodes with PVC-based membranes optimized previously [9] and electrodes with PU-based membranes con-taming the same proportion of ionophores, which are more suitable for producing solid-state sensors [12] .
Electrodes with both types of membranes exhibit very similar properties.
As one can observe from the flow-injection peaks recorded (Fig. l) , the dynamic response towards monovalent cations is satisfactory, and only in the case of calcium was a much slower return of the electrode potential value to the baseline level found. With PVC-based membrane electrodes, for all monovalent cations except lithium flow-injection peaks are followed by a potential dip below the baseline level, which was not observed with PUbased membranes. As demonstrated by the flowinjection response for various concentrations of ammonium ions (Fig. 2) with a lower concentration of analyte in the injected sample this disturbance disappears and should not affect the chromatographic detection.
The largest signal magnitude was obtained for ions for which selective ionophore was incorporated into a polymer membrane (Table I) For most of cations examined, a larger signal magnitude was obtained with PVC-based membranes, and thus an electrode with such a membrane was employed for all subsequent ion chromatography experiments.
According to the manufacturer, the cation- peak height for 1 rnM sodium is three times smaller than for the same concentration of calcium. High sensitivity to rubidium and caesium ions can be attributed to the presence of valinomycin in the membrane phase. The sensitivity of valinomycin-based membrane to these cations is known to be relatively high [13] . For the concentration range from 1 to 10 mM analyte in the injected sample, the Nernstian electrode slope was found for calcium only. As in real chromatographic measurements observed potential changes usually do not exceed 15 mV, it is more likely that a linear relationship between the signal magnitude and analyte concentration in injected samples should be expected. the chromatography of transition metal ions; however, it can also be used to obtain satisfactory results for the chromatography of alkali metals and ammonium ions [4, 5] . Of the eluents examined, 10 mM nitric acid, 2 mM picolinic acid, 10 mM citric acid (recommended by Aldrich as eluents for mono-and divalent cations using their universal cation column) and Tris buffer, satisfactory results were obtained with 50 mM Tris-HCl buffer, pH 7.2, as eluent, as used previously for flow-injection measurements (Fig.  3) . However, this eluent was not suitable for resolution of rubidium and caesium ions.
Chromatographic detection with multi-ionophore membrane electrode
The importance of incorporating four different ionophores into the membrane phase is demonstrated by the chromatograms shown in Fig. 4 , obtained using conventional ion-selective electrodes for ammonium, potassium and sodium ions with a single, selective ionophore in a PVCbased membrane.
However, single-ionophore detectors may serve as very effective selective detectors for some real applications, e.g. the determination of ammonia in high-sodium matrices.
From the calibration plots obtained from chromatograms recorded for potentiometric detection with PVC-based multi-ionophore membrane electrodes (Fig. 5 ) the detection limit for the determined cations was estimated.
The amplitude of the baseline noise equal, for the instrumentation used, to 40 /AV was compared with the signal magnitude obtained from the injection of 10 pA4 solutions of the examined metal ions. For a signal-to-noise ratio of 3 and 250 ~1 sample volume the detection limit was order of magnitude better than obtained previously for pH detection in suppressed ion chromatography [4] . The sensitivity of detection of the alkali metal ions studied is similar to the sensitivity of single-column chromatography with conductivity detection [14, 15] . Further study on the use of this detection for other columns and simultaneous separations of mono-and divalent ions are in progress, as well as study on development of solid-state sensor with multi-ionophore membranes.
